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This invention relates to triode mixer networks, 
more specifically fo simple practical triode mixer 
construcions having high gain and stable op- 
eration. 
If is generally known that the low level stages 
oï electric-signal-receiving apparatus through 
which very low intensity signals are passed should 
be designed fo introduce as little noise as possible 
into the signais in order fo provide the maximum 
signal-fo-noise ratio. If is also general_ly known 
that noise is introduced by electric signal trans- 
ducers involvfi] electron fiow circuits such bas 
electron discharge tubes, that the most noise 
is produced in multi-electrode electron fiow cir- 
cuits and the least noise by circuits having the 
least number oï electron-fiow electrodes. The 
signal receiving art bas at the saine time de- 
veloped fo the point where practically all radio 
receivers incorporate a low level converter 
rangement in which inc0ming signals are heter- 
odyned in a mixer stage with specially tuned 
waves fo generate beat signals in a fixed fre- 
quency channel ïor ïurther amplification by the 
more efficient fixed-ïrequency amiifiers. At 
the saine rime in the search ïor greater gain 
there bave been developed pentagrid electron- 
discharge tubes which can be used in heterodyne 
converter or mixer circuits. The conversion gain 
of such circuits (the ratio of converted signal lewl 
fo unconverted signal input) is so high as fo 
raise the question oï whether the desirability of 
low-noise triode transducers having only a single 
grid, overbalances the greater complications a]d 
expense oï constructions hith.erto necessary fo 
make up for the lower amplification gain of the 
triodes. 
Among the objects oï this invention is the pro- 
vision of novel and practical triode mixer circuits 
having .output coupling arrangements that com- 
bine high conversion gain with simple construc- 
tion. 
Further objects of the invention include novel 
triode mixer constructions providing low-noise 
gain oï such amount as fo make unnecessary the 
use oï pre-mixer signal amplification stages 
even ïor the reception oï high ïrequency signais. 
Still ïurther objects of the invention are the 
provision of simple dual coupling arrangements 
for selectably connecting a triode mixer fo provide 
converted signals in either oï two ïrequency 
channels. 
The above as well as additional objects of th 
invention will be best understood fom the ïollow- 
ing description oï exemplifications thereof, ref- 
erence being had to the appended drawings 
wherein: 
Fig. 1 is a schematic circuit diagram oï one 
form of mixer construction embodying the in- 
vention, with parts shown in block diagram form: 
Fig. 2 is a plan view oï a condenser assembly 
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that may be used in practical constructions of 
the apparatus oï Fig. 1; and 
Fig. 3 is a view similar to Fig. 2 with parts 
removed showing ïurther details of the con- 
5 denser assembly. 
According fo the invention a triode mixer ls 
coupled fo a signal utilizing apparatus by means 
of high-impedance parallel-tuned resonant cir- 
cuits with a tapped portion connected across the 
1 mixer output leads fo provide hot only a lower- 
impedance load ïor better'matching the low- 
impedance converted-signal output of the triode 
but also fo provide an inductive load to the 
unheterodyned desired electric si2ïal waves 
15 thereby increasing the mixer input impedance 
fo the desired signals as well as the conversion 
gain. n addition symmetrical coupling and se- 
lectivity is inexpensively provided and practical 
existing coupling circiut constructions may 
20 used. 
Fig. 1 diagrammatically shows one form oï the 
invention in which a triode mixer I 0 is selectably 
supplied with incoming electric signal waves from 
either oï two signal sources 12, 13 as well as with 
25 electric mixer waves from either oï two sources 
such as oscillators 14, I. The selection oï the 
supplied signals and mixer waves ls under the 
control of switches 21 and 22 which are inter- 
linked or ganged ïor simultaneous operation, as 
0 indicated by the dash-dot lines 20. The signal 
sources 12, I may be different anterma systems 
or they may be the saine general antelma sys- 
rem arranged fo be switched simultaneously with 
the operation of switch 21 for supplyil sinals 
S oï different carrier ïrequencies. The mixer wave 
sources shown by the legend as oscillators I, 
I are conveniently parts oï a single osciliator 
assembly suitably connected ïor shifing the 
character oï mixer waves delivered. If desired, 
4o separate oscillators may be used. The speclfic 
details of the sources 12, 13, 14, I§ form no part 
of the present invention and these units may 
bave any suitable construction. One highly 
pïactical construction is shown in the copending 
4 application of B. S. Vilkomerson, Serial io. 
46,594, filed on August 28, 1948, where the sources 
12,  selectably supply standard broadcast amp- 
litude-modulated (AM) or frequency-modulated 
(FM) radio signais. 
0 The triode  is shown in the orm of an 
electron-discharge tube having an electron-emit- 
ring cathode , an electron-collectlng plate  
and a control grid  between the cathode and 
plate for controlling the flow of electrons. As ls 
 well known, when the plate  is kept at a high 
positive potential with respect fo the cathode 
, and the grid  biased fo the proper D.-C. 
potential with respect to the cathode, voltage 
variations impressed between the rid and the 
60 cathode will cause the electron flow to the plate 
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to bé correspondingly varied. Accordingly there 
will be develope aïplified Voltgë variations 
across á slitable impedance in thé plate-supply 
circuit. When voltage variations of different 
frequencies are mixed or simnitaneousty im- 
pressed on the grid with respect to thé cathode, 
the amplified signals will have gompnents of 
both impressed variations together with other 
components having signal variations correspond- 
ing fo sums and differences of the different 
pressed îrequencies as well as their harmonics. 
This phenomenon is the heterodyne effect which 
is commonly utilized to convert incoming sig 
nals and shiît their frecïuencies to a frequency 
channel in which the signals may bé more 
readflY utflized or amplified. 
The construction of Fig. 1 shews the triode 
plate 26 connected to the positive terminal (B÷) 
of a high voltage D.-C. energy source (hot 
shown), the negative terminal of which is 
grounded and thereby connected te the cathode 
23. he plate circuit is established through 
plate ]ead 30, inductance J and a pah including 
either inductance  or a portion $ of induct- 
ance $. An additional switch $ having a mov- 
ale contact element 24 connected to the lower 
end of ïnducance . is arranged to selectably 
engage either of a pair of fixed contacts , 
or effect{ng the alternative plate circuit con- 
nections as dëscr}bed. The switch 23 short- 
circuits the inductance which is not in use, and 
may be ganged with the oher switches 2J, 
ór smUlaneous operátion. 
Ttie inductance 33 is divided ino two portions 
34, 33 by a tap 3] and only the portion 34 is 
placéd in he direct cuJren plate circuit by the 
geiïhêction of thé tap 3 fo thé movable switch 
c6htact êlérhént 24 and the connection of the 
]ower end  tó thé B÷ terminal. A capacitance 
2 is Cohnéctéd Betwêen the üpper end of 
iictknéé $ àhd he fixed switch contact $ for 
ufling iiiductance 3. fo a desired frequency 
Wheii ttië iridùctance portion 4 is short-circuited 
bY sïitCti . Anothër .çalCitance 3 is Con- 
nectèl äéos the ëiids 35, $ Of inductance 
aïid i tùïïël ï-itti thi iïidflétàncé fO a différent 
rquëri. 
Magfiëially Couplée tJ iïiductance $2 is an- 
bthel  inductance 4, thë ihluétancê 33 being 
alSo màgnetically CouPlèd to a further indudahce 
6. Ttïe magnétic couPliris aré represented by 
hé rrDwS 2. Each ihliitane 4], 6 is con- 
nBcted as a Separte lallel-ï'ëSonant tuned 
çircït  L 2 bY nleans  rèspectivè apaditàhcês 
, S. îae lOwer end of reJnaht circuit | is 
connected fo he Upper end bf 2esonant ircuit 
, white thé other ends f these ircuits  to 
0utput leads , . 
in he form of thé invention shóWn, UppC 
pàallei=resonant .circuit 2, 2 is tunèd fo 
a frequency about 5 or mre times as high as 
thé lower paralle!=resonant circuit 33, 3 and 
thus capacitance  has a relatively small value. 
Inasmuch as capacitance 2 appears acrosS in- 
ductancè portion 3 When the switch blade 
]s.in ttie iow frequendy pOsitiOn illustrated, allö$- 
ancé îs marié for thé àïided capacitancë whën 
tuning thé lower circuit. Thé reSöfliit éicuïts 
 |,  are tund to the ame frequflCies as the 
Circuits to which they are 0upléd. IndUCtance 
 is Of suh low ValuWas t bé Siflificant onty 
in th higtï freluenCy circuit 2, -2. For the 
]bw freqziény ircuit 3,  this inductance may 
bè igilored. At 28 therê is indicàtèd thè caPaci- 
tance conventï0nally Shuntel cf0sS thé D.-C. 
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plate circuit energizing source fo prevent thé 
appearance of signals across ifs termina]s, 
tween B÷ and ground. 
In opération thé cathode 23 is heated fo a 
5 température ai which it becomes suitably elec- 
tron-emissive, and thé desired signals are sup- 
plied fo the grid. Thé grid is properly biased 
in any convenient man]er (not shown), in thé 
illustrated position of thé switch gang , switch 
i0 2 connects thé input gïid 2] fo low frequency 
signal source 2 while switch 22 links it with 
thé low frequency mixer wave source 4. Al- 
though only a single lead is diagrammatically 
shown as providing thé input connections frora 
15 each source, a return lead, not shown, is con- 
nected fo thé cathode as by a common ground 
conductor. Both sources J- and |4 bave two 
terminal outputs oné terminal of each of which 
may bé grounded, or alternative!y oné source 
20 may bave a grounded terminal and thé other 
source may bave ifs output not directly grounded 
but merely connectée in séries with thé grounded 
source. Thé pair of sources 3, | may bé simi- 
larly connectée or thé différent pairs may bave 
5 different types of Connections. 
Mixer wave source  is adjusted, as by con- 
ventional heterodyne technique, to provide waves 
of szlch Ïrequency as to beat or heterodyne with 
the signa]s from source 2 to provide béat signals 
30 in a béat or intermediate îrequency channel 
generally of lower frequency than the incoming 
signá]s. The parallel resonant circuit load 33, 
4, together with the additional capacitance due 
to capacitance 42, is tuned to a frequency ai 
35 about the conter of this charnel. 
An important feature of thé invention is the 
insertion of only a smaller portion 4 of thé 
inductanc $3 in thé resonant output network 
of tne plate circuit. Since this leaves a larger 
40 portion 3 of thé inductance and a séries capac- 
itor 43 in shunt with thé smatler inductance por- 
tion 4, and since thé capacitor 43 has a low 
impedance to signal frequencies thé plate load 
looiçs like two parallel inductances. This has 
45 thé effect of presenting in thé plate circuit a 
load that is inductive to thé incoming signal 
frequencies supplied by source |2. Thé load 
therefore inductive even thoUgh thé incoming 
signal frequencies are higher than a resonant 
50 .frequency of thé entire tuned circuit 3, 45. This 
ls so even though prior art resonant circuits are 
normally capacitive to signa]s having frequencies 
aboyé résonance. Another way of considering 
thé opération is that inasmuch as capacitance 
55 4 is small and therefore is absorbed by thé 
resonant circuit, and inasmuch as thé inductance 
portion 4 is smaller than thé shunted induct- 
ance portion 33, for non-resonant higher fre- 
quency signa]s substantially thé only load in thé 
60 plate circuit is thé inductance portion & There- 
fore, thé construction of thé invention provides 
inductive loading of thé triode output for in- 
coming signa]s wheher or hot capacitor  is 
conneeted. 
65 For best opération of a triode amplifier, thé 
output load shoutd bé indu.ctive to incoming 
signa]s thereby compnating for thé n0rlîlally 
large input-to-oiitput intereleetr0dè Cálaitáhee 
and inceaSing thé tï'i0le inpUt impedaneë for thé 
70 incoming signa]s. In thé mixer onstruction of 
thé invention thé incoming signals imprèssêd en 
thé triode input are of différent frequency than 
thé c0nverted output signa]s, but with thé simple 
tappiiig Of a rs0nant 0iitput circuit, thé 16ad 
5 adjusted t0 bé fesonaflt to ttïè coiiveï-tèd 9ináls, 
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for good selectivity, and inductive fo the incom- 
ing signals for high gain. Another effect of 
the tapped loading is that it enables the closm  
matching of the mixer output impedance to high- 
impedance high Q resonant output circuits which 
have better selectivity. 
 In accordance with the above theoretical 
planation, high]y amplified converted output sig- 
nais appear in the resonant circuit 33, 43 and 
cause of the magnetic coupling, are induced in 
circuit 52. Because the resonant ch'cuit  5 is 
tuned a frequency about 5 rimes that of circuit 
52 with which itis in series, circuit 5 presents 
substantially no impedance to the signals in the 
low frequency channel which are available in 
substantially undiminished intensity across out- 
put terminals 53, 54. 
When the switches of gang 20 are shifted to 
their opposite positions, shown in dash lines, the 
mixer input is switched to signal source I$ and 
mixer wave source 15. At the same rime the tri- 
ode output is shifted from low frequency reso- 
nant circuit $3, 43 to high frequency resonant 
circuit $2, 42. The operation of the apparatus 
in this condition is generally simflar to that de- 
scribed above except that in the fo]ïï shown, 
inductance 31 is relied on for making the output 
inductive to incoming signals. The converted 
high frequency channel may be of lower fre- 
quency than the signals supplied for conversion, 
as in the standard l'lVl receiving technique where 
the incoming signals are in the 88 fo 108 mega- 
cycle per second hand and the converted channel 
centers about approximately 10 megacycles or 
less per second. In such case the inductance 
is quite small and may merely be the short length 
of conductor such as $0 which is normally re- 
quhed to establish the desired interconnection 
between the plate 26 and inductance 2. The 
desired conve]Eed signals in resonant circuit 32, 
42 induce coIesponding signals in resonant cir- 
cuit 51 which are also avaflable across output 
terminals 53, 54 because of the insignificant im- 
pedance presented by resonant circuit 52. 
If desired, the tap-down feature of the inven- 
tion may be incorporated in a receiver construc- 
tion having only a single converted signal chan- 
.nel. Alternatively it may be used in the high 
frequency t]iode output channel of the construc- 
tion of Fig. 1 together with or instead of the low 
frequency channel tap-down. Other modifica- 
tions include the use of separately coupled out- 
put circuits 5 |, 2 not connected to each other. 
One of the signal sotu'ces |2, |3 may be.omitted 
as where itis desired fo selectively pass the saine 
signals through either converted frequency chan- 
nel. Conversely where the signals supplied by 
sources |2, |3 are suitably related in frequency, a 
sing]e oscfllator may be used without oscfllator 
switching to selectably convert these signais to 
either of the output channels. Furthermore the 
channel selector switch 24 may be a]anged to 
switch capacitance 42 in and out of the triode 
output circuit so that it is not present when the 
low frequency channel is used, as explained 
above. 
In place of the autotransformer construction 
provided by the novel tap-down primary per se, 
either or both of the prima]J windings of the 
coupling transformer may have an additional 
magnetically coupled winding for direct inser- 
tion in the triode plate circuit. By proper ad- 
justment of the number of turns in the additional 
windings the desired tap-down effect may be ob- 
tained with a two-winding transformer primary. 
The additional windings are adusted not fo 

resonate fo a frequency af or below the incom- 
ing signal frequencies, so that the load for such 
signal is always inductive. One simple method 
of adjusting the resonance .of the additional 
 windings is by not connecting a parallel capaci- 
tance and merely leaving them untuned except 
for their distributed capacitance,  
Another feattue of the invention is the simple 
output circuit switching arrangement utilizing 
t0 capacitances 42, 4 which may have a common 
electrode. These capacitances togethm" with 
capacitances 49,  are preferably provided in a 
unitary assembly including the inductances with 
which they are resonated. This enables the 
1 simple manufacture and adustment of these 
components to .their approximate final values. 
The actual value required in any receiver may 
vary somewhat due fo differences in the stray 
capacitances of the assemblies in which the units 
0 are incorporated. Switching of the triode output 
loads is also desirable fo prevent interference due 
to the undesired pickup of sptuious signals otherr 
.wise possible from the large number of oscillator 
harmonics present. 
 In the development of dual channe! inter- 
mediate frequency transformer assemblies, cost 
and bulk and performance consideratim]s have 
been satisfied by constructions in which all.the 
capacitances .are provided in pairs with a com- 
a0 mon capacitance electrode in each pah . Each 
pair may be formed of a single member, or the 
saine member may provide both capacitance 
pairs. 
Figs.  and 2 re views of a practical capaci- 
 tance assembly of this type, as shown in the 
copending Mackey application Serial No.. 
fiIed Match 2, 1948, now Patent No. :,544,508 
granted Match , 1951. A sheet of dielectric 
such as mica is coated on portions of both ifs 
40 sides with conductive material and held in pläce 
on a non-conducting retaining strip 52. On the 
upper surface of the dielectric 5, shown in Fig. 
, the coating is divided into two generally reC- 
tangular portions 64, . The coating on the 
lower side is presented in Fig. 3, which is a view 
45 similar to Fig.  with the dielectric sheet and 
overlying material removed, as formed of por- 
tions 4-A, 43-A, 4-A, 5-A shown by dash-dot 
bounding lines. Between the dieleciC 5 and 
base 62 are placed fiat contact ears , |, 
0 75, each of which forms an integral part of a 
separate terminal lug. The remainder of the 
terminal lug portions are directed dOwnward 
perpendicuiarly to the fiat ears and fit through 
T-shaped slots $ in the base fo provide con- 
5 venient solder connection terminals. 
Above the coated dielectric 5, the contact ears 
75, 7 of other terminal lugs mounted, and all 
parts held in place by rivets $| penetrating 
through aperture $2 in the st]ip @2, and clamped 
60 against the lower face of the strip and the upper 
face of ears 5, @. Between the upper ears 
6 and the rivets, resilient elements such as 
sp]ng washers may be inserted fo mintain the 
desired engagement between the contact ears 
65 and the conductive coating portions. The rivets 
may also be used as supports against which the 
inductances are mounted, as described in the 
above-mentioned Mackey application. 
70 The desired capacitance 42 of Fig. 1 is pro- 
vided between coatings 42-A and @4 on opposite' 
sides of the dielectric. Capacitance 45 is pro- 
vided between coatings 43-A and 54 whfle coat- 
ings 49-A and @ furnish capacitance 49 and 
7 coatings 53-A and 55 the capacitance . 
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tf is .noted fhat a minimum of p.arts and an, 
.choring elemens a.re ne¢¢ssary with te 
itance ,assembly cotruction Of Figs. -2 
3. r£he'more £he rCsilent cmpg ngage- 
meng tha furshes all the capacitance çontcts 
icles only one-non-¢talc li, the s£rip ., 
and bas the leas bte susceptibility f.c c.Çld 
flOW .a coquent loss of proper .contact. 
Accordg  this phe ò: -t wntion 
high!y sirable capacitor pair cotruci9 
ith a .common eIecrode may be utfld .for 
the capitances ,  otwithstanding t 
 that when che o the capacitance cirçuts  
sitched out of the riode output circt, its ca- 
itance  hot remowd from this oiruit. T 
const'uction bas en found extrmely satfac- 
ry Lu at it rquires onty a sple sgle-Dole 
double-throw output circuit switch 24 and does 
.hot deteterioly affet the operation of the 
çaratus. 
Whfle oeveral exempliatio, of the vention 
bave been dicaed nd described bove, if w 
be aDparent fo those skflled in the art at other 
modffications may be ruade .without depatg 
from the sco o£ the invention as set forth  
te appended clan. 
at is elaimed -is: 
1. In a dual freqncy mi-xer network for pro- 
du¢g frueny,.c0nved snals in two 
rated frequcy ch.annel; a. triode mer hav- 
ing a control electode and output electrodes, 
a source of mixer waves coect to said con- 
trol electrode, utflg structure for said con- 
¢d snas, means etectrically oupling Said 
Ççput el¢crode and sd tfling structe - 
çig .res9nt circuit elemts providg 
nd secç parall¢l resot ch'cui, ach of 
sid circuits beg ted tp present a-hh - 
ped.anc¢.o id cpverd sign in a differet 
bn ci said frequency Che!s, sd first Dar- 
a!]l resonant circt havg an ductive branch 
and a çapacitive branch coect¢ between said 
ofpt electrodes aid secÇnd aratlel circuit 
in¢ludg  ndctor and a capacir, a portion 
ï sid ducfo" beg cçected between said 
ot electçes and th e remainder ci said - 
Ct0ç beg in series wih ai pacit0r». 
$i caDaç$çg" nd ;emader of sid dçtor 
¢g c0ecd  f w! a:id çortion of 
ai !Dçcf9ç w¢ry  0ron of said  
çtoç prov$ n inuctve 1Ç r aid 
tride mSxr, d ¢!eçtor çru¢tur operaive to 
short-circst sid u¢!v¢ brancl oï the first 
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c.irci aud _aid pprtion ¢ sai in.:ù¢:to.r of the 
secod.ç¢ letyely, whereb aid ¢cuit 
are elCççivly çerab  connti0n ith said 
ouput elrodes and i no  ¢onditi 
2. A dual frequency m¢r ne£work  e¢d 
by clahn 1, in which the reonntccit ele- 
nts in¢lude .coupl-t'nsformers havg 
wds dtiv.ely cupling sid utflg 
Ç structure to said ouçput eltrpcs. 
3. A dual freqmney er network 
by ¢la 2,  which sa coupg trformers 
are enclosed with a sgle seld £ontainr 
include trafoer wdgs and 
I tun capacitors for said windings 
at upling circaits as 
therefore; said capacitors vig 
tional cogoEation rovidg one etecfrnde in 
coin with at leas two of sai 
20 pl.g ccui. 
4. A dual frquency mixer twork .as de 
by claire 1,  which said letor structure 
also cocted  selecvely press 
mixer control electrode cog signal avs 
.5 lyg. in either one of two derent freqy 
ranges. 
5. A dual frequency mixer network  ded 
bF cla 1,  which the leer structe 
so connected fo press on the mixer control 
3 electrode amplitudemodula signa and fre- 
quecy-modulated signals sectively. 
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